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(54) Abstract Title 

Radiation reflector for mobile telephone 



(57) Mobile phone comprising antenna 2 and reflector 
plates 1a, 1b, 1c preferably positioned on the same side as 
the speech transmission and reception' units. The 
reflecting plate may be positioned aslant or at an angle 
with respect to the metallic cabinet 3, may be convex and 
positioned with its convex side towards the antenna or 
may be v-shaped. The plate may be formed of a magnetic 
material having a complex relative permeability that 
results in little power absorption of the waves radiated 
from the antenna and is preferably positioned in the area 
of the feeding point 4 where the magnetic field 
component is dominant. The complex relative 
permeability of the magnetic material, at a frequency 
used in the telephone, preferably has a real part larger 
than one and an imaginary part of approximately zero. 
The plate may be formed of a dielectric material having a 
complex relative dielectric constant which results in little 
power absorption and may be positioned where an 
electric field component is dominant which may be at the 
lower end of the metallic cabinet 3. The complex relative 
dielectric constant at a frequency used in the telephone 
may have a real part value larger than a value of a real 
part of a complex relative dielectric constant of said outer 
packaging an dan imaginary part value approximate to 
zero. The plate may form part of the outer packaging of 
the telephone. 
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PORTABLE TELEPHONE. 
BACKGROUND OF THE INVENTION 

./ FTELD OF T HE INVENTION 

\.The present invention relates to a portable 
telephone and, more particularly,; to a portable 
telephone with high radiation efficiency and high 
communication performance. : { 

DESCRIPTION OF THE RELATED ART 

In recent years, portable ' radio communication 
equipment typified by a portable telephone has rapidly 
come into wide use among people. 

Fig. 15A is a perspective view showing the whole 
of a basic structure of a conventional and typical 
portable telephone, and Fig. 15B shows a structure of 
the portable telephone with an outer packaging removed^ 
and Fig. 15C shows a structure only of the outer 
packaging. .. 

The . conventional portable telephone 1 at least 
includes an antenna 2, a metallic cabinet 3, a feeding 
point 4 and an outer packaging 5; and the antenna 2 is 
electrically connected to the upper end portion' of the 
metallic cabinet 3 through the feeding -point; 4 connected 
to the lower end portion of the antenna. The outer : ' 
packaging 5 is made of a material such as plastic or 
resin and constituted by a hollow cubic portion' 5a and a 
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cylindrical portion 5b disposed on the upper surface of 
the portion 5a/ in which a round hole 5c whose size is 
equivalent to the 1 diameter of the cylindrical, portion 5b 
is provided on the surface of the cubic portion 5a in 
contact with the cylindrical portion; and a speech 
transmission unit and a speech reception unit ■ are 
arranged on one of surfaces of the- outer packaging 5. 
Within the outer packaging .5, the metallic cabinet 3, 
the feeding.point 4 and the lower end portion of the 
antenna 2 .are disposed, . and the antenna 2 is structured 
to project from the ...cylindrical portion 5b through the 
round hole. 5.c. . Here,, the axis of the antenna is made to 
coincide with the z-axis, and a width direction and a 
thickness direction of the metallic cabinet are made 
to coincide with the x-axis and the y-axis, 
respectively. in addition, the surf ace of the metallic 
cabinet and the surface of the outer packaging are in 
parallel- to., each other and positioned on the plane xz. 

For radiating an electromagnetic wave from the 
portable telephone, power is supplied to the antenna 2 
and the metallic cabinet 3 by the application of power 
. to the feeding, point 4 to operate them as main radiation 
sources. Although a portable telephone in general has a 
..mechanism for transmission . and reception, a matching 
"circuit for efficiently supplying power to the feeding 
point and the like are mounted on the • metallic cabinet; 
a detailed view thereof is omitted from the 
illustration . 



:*r. ..-tv With the, conventional portable telephone, a user 
makes : a ; - call . through the speech transmission unit and 

: the* speech reception unit provided on the surface of the 
outer packaging- 5 while, holding the outer packaging by 
his or her hand. t rAjfc this, state, an electromagnetic wave 

- -radiated.: from, the •portable ._. telephone is emitted into 

free space, propagated and ' received at a - base station 
to enable' communication. However, since of the 
electromagnetic waves radiated from the -portable 
telephone, electromagnetic waves radiated toward a 
human body are liable to attenuate, the electromagnetic 
waves in that direction contribute less to communication 
and cause a reduction of radiation efficiency as a result. 
As described in the foregoing, conventional portable 
telephones have the shortcoming that a reduction in the 
amount of electromagnetic "waves contributing to communication 
degrades radiation efficiency "of the portable' telephones to 
degrade communication performance accordingly. 

SUMMARY 'OF THE" INVENTION 
An object of the preferred embodiments of the present 
invention is to provide a* portable telephone with improved 
communication performance, which* is attained' by" increasing 
radiation efficiency of electromagnetic wave's' contributing to 
communication while *a call is- being made. 



. .pother object of the preferred embodiments of 
the .present invention, is to 'enable portable' telephones 
required to be smaller in size and thinner to' realize 
an increase in the amount of electromagnetic waves 
contributing to communication, thereby improving' 
radiation efficiency during a call to achieve improvement 
in- communication .performance by using 'a reflecting plate 
also, as an outer packaging of the portable telephone. 

According to one aspect of the ' invention , a 
portable, telephone includes an antenna and a metallic 
cabinet operating as main radiation soutces of 

\- a feeding point for supplying the 

electromagnetic waves, a teeamg 

antenna and metallic cabinet Vith electric power, an 

outer packing formed of a material such as plastics or 
resin, and a reflecting plate for reflecting the 
electromagnetic_ waves radiated from the radiation 
sources,, wherein: _ _ 

. the reflecting plate is 
provided for" increasing the amo'un^ of *" 
electromagnetic waves radiated into a free "space when 
. the . portable telephone is in use, selectively arranged 
at a position where an electric field" component or a 

. , , . ^ f *-he electromagnetic waves 

.magnetic, field component of the exet-u 

• ^«iirrpc: is dominant, and has 
radiated from the radiation sources is a 

an electric constant which enables effective reflection 
of the magnetic field component or the electric field 
component and causes little electric power absorption. 



In the preferred construction, the reflecting 
plate is contained in the outer packaging and provided 
in the vicinity of the radiation* sources, and oh the side, 
where a speech transmission unit and a speech reception 
unit are disposed. 

In another preferred construction , * the reflecting 
plate is a flat plate of" a predetermined size and 
arranged in parallel to the metallic cabinet surface. 

In another preferred construction/ the - reflecting 

plate is 

contained in the outer packaging and provided iri 
the vicinity of the radiation sources and on the side 
where. a speech transmission unit and a speech reception 
unit are disposed, and 

-a. flat plate of a predetermined size arid arranged 
in. parallel to the metallic cabinet surface. 

In another preferred construction, the reflecting 
plate is a flat plate of a predetermined size ' and 
arranged aslant with respect to the metallic cabinet 
surf age . 

In another preferred construction/ the reflecting 
plate is contained in the outer* packaging and" provided 
in the vicinity of the radiation sources- and" on the side 
where a speech transmission unit and a speech reception 
..unit are disposed, and - 

the reflecting plate is a flat plate 1 of "a . 
predetermined size and arranged aslant with respect to 



the'' metallic cabinet surface.. ■ , t 

in anotfter: pref erred construction, the ref lectin, 
plate is formed to be convex, having a curvature at the 
side opposite to a .direction in which the 
electromagnetic waves are incident and arranged to have 
a substantial' vertex of the convexity face to the side 

of the radiation sources. . . ; . • r 

- - In another, preferred construction, the reflecting 
plate is contained .in the outer packaging and .provided 
in t he vicinity of the radiation sources and on the side 
where a speech transmission unit and , speech reception 

unit are disposed, and- -. . j .- ■ • 

t i <- -Formed to be convex 

'"the reflecting plate is tormea > 

having -a curvature at the side opposite to a direction 
in which the electromagnetic waves are incident and 

i. .„n a i vertex of the convexity 
arranged to have a. substantial vertex,. 

face' to- the side of . the radiation sources. , 

in another.preferred- construction, the reflecting 

pW is bent to be. V,sha P ed,toward. the side opposite to 
a direction ifi. which the electromagnetic waves are 
' incident: ' 

in another, preferred construction, the_ reflects, 
piate is contained in the outer packaging and provided 
-in^ the' vicinity of the-.radiation sources and on the side 
-wher* a speech transmission unit and a. speech reception 
"unit are disposed, and 

- • • the reflecting plate is bent to be V-shaped 



toward the side opposite- to a: direction- in . .which the 
electromagnetic waves - are incident. .. 

In another preferred' construction,, the reflecting 
plate is formed of a magnetic material having such a 
complex relative permeability as causes .little power 
absorption of the' electromagnetic- waves radiated from 
the radiation sources. ' -~z \ : - - ■ 

'* In another 'preferred construction, the reflecting 
plate is formed of a dielectric material .having such a 
complex relative dielectric constant = as causes little 
power absorption of the electromagnetic waves radiated 
from the radiation sources.;. ■'•».• - ;d 

'in another preferred construction, the reflecting 
plate is provided- in the 4 plural> including: 

a reflecting plate formed, of a magnetic material 
having such ' a complex -relative permeability, as causes 
little" power absorption of ' the electromagnetic waves 
radiated from the radiation sources, arid 

a reflecting pl^te- formed of a dielectric 
material having"' such a complex, relative, ciielectric 
constant as causes little power absorption of the 
electromagnetic 1 waves radiated from the radiation 
sources. -"" ' * . ... 

In ahbther preferred construction,.., a. reflecting 
plate f ormed of ; a magnetic .material, is dis.ppsed at a 
region where a magnetic field component _of the 
electromagnetic waves generated from the radiation 



sources is 'dominant, and a. reflecting, plate formed of a 
.dielectric material .is disposed at a region where an 
electric. field component of the electromagnetic waves 
generated from- the , radiation sources is dominant . 

• -Tin another preferred, construct ion, a reflecting 
plate formed of a magnetic material is disposed to cover 
the vicinity of the ,f eeding.. point, and a ref lecting plate 
formed of a dielectric material is disposed to cover the 

: vicinity of. a lower : end portion. of the metallic cabinet. 

-. • - in another preferred construction, the reflecting 
plate is a. reflecting plate., formed of a magnetic 
material- whose . complex, relative permeability at a 
frequency used in. the, portable telephone has a' real part 
value larger than 1 - and has an imaginary part value 

* approximate to - 0 o . , - . . . . . 

in another preferred construction, the reflecting 
-plate is a reflecting plate., formed of a magnetic 
material whose complex relative permeability at a 
frequency, used. in the, portable telephone has a real part 
value larger- than 1 and has , an imaginary part value 
approximate to- 0 and which has no conductivity. 

, . . in another, preferred construction, the reflecting 
plate ..is a reflecting plate formed of a dielectric 
.material whose- complex relative dielectric constant at a 
.-frequency -used in the portable telephone has a real part 
, value larger than, a value of a real part of a complex 
relative dielectric constant of the outer packaging and 
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3 has - an iWg'in'ary -part vslue- approximate; to, 0.. . 

According to another- aspect 6f- the invention, a 

portable telephone includes an antenna and a. metallic 
cabinet operating as main radiation- sources of , 
electromagnetic waves, a feeding' point for supplying the 
antenna and the "metallic cabinet with, electric, power , 
and an outer packaging', wherein : 

' £he outer packaging is for increasing ; the amount 
of electromagnetic waves radiated into, a- free space when 
the portable 'telephone is : in use, and has a region,where 
an electric "fieid component or -a magnetic: field 
component of the electromagnetic waves radiated from the 
radiation sources is dominant; partially, provided with a 
material having an electric' constant which enables 
effective reflection of the magnetic field, component or 
the electric field component . 

In the preferred construction, in the outer 

packaging, 

a part "of the'surface ofthe outer packaging; 
which "is in 'the vicinity of the^radiatioh sources and. at 
the side where a speech' transmission unit and, a speech 
reception unit are disposed, is provided with a region of 
a magnetic material whose " complex relative permeability 
at a frequency used in the? "portable telephone ;.has a real 
part value larger than 1 and : has ah- imaginary part value 

approximate to 0, and the reminaing part" is formed of 

a material such as plastics' or resin . * 



-lo- 



in another preferred construction, in the outer 
packaging, 

a part of the surface of the outer packaging, 
which is in the vicinity of the radiation sources and at 
5 the side, where a .speech transmission unit and a speech 

reception unit are disposed, is provided with a region of 
a dielectric material whose complex relative dielectric 
constant at a frequency used in the portable telephone 
, has a real- part value larger than a value of a real part 
10 : of a complex relative dielectric constant of the 

material such, as plastics or resin and has an imaginary 
part' value, approximate to 0, and. the remaining part is 
formed of ; a, material such as plastics or resin. 

in another preferred construction, a magnetic 
field distribution, and .an electric field distribution in 
- the vicinity of , the. radiation sources are evaluated in 
advance tosform a :P art of the outer packaging at a 
region, where a magnetic field. component .is dominant by 
using a magnetic material and a part^f the outer 
' packaging at a region, where an electric field component 
is. dominant by.using a dielectric material, form the 
outer, packaging , by . using the magnetic material and the 
dielectric material, and form the remaining part by using 
such a material, as. plastics or res.in. 
25 other objects, features and advantages of the 

" " present" invention will become clear from the detaxled 
description given heirebelow. J. 
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BRIEF DESCRIPTION OF- THE DRAWINGS 

Preferred features of the present invention will now be 
described, by way of example "'only, '"with reference to the 
accompanying drawings, in which 

Fig. 1 is a perspective view showing . a portable 
telephone^ according to a first embodiment of the present 
invention with an outer' packaging removed; 1 

Fig. 2A is a cross-sectional' view of the first 
embodiment with the outer packaging attached; ■-• 

Fig. 2B is a front sectional view of the first 
embodiment with the outer packaging attached; 

Fig. 2C is a top sectional view of the first 
embodiment with the outer packaging attached; 

Fig. 3 is a perspective view showing a- portable 
telephone according to a second embddirnent of f - the 
present invention with kn outer packaging removed; 

Fig. 4'a is a cross-sisctibnal view- of the second 
embodiment with the outer packaging attached; - 

Fig. 4B is a front sectional view, of : the second 
embodiment with* the outer packaging : attached; 

Fig. 4C is. a top sectional view of the second 
embodiment with the outer packaging attached; ... 

Fig. 5 is a perspective view showing a portable 
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telephone" adcordirig^b a^third embodiment of the present 
invention' with' an 'outer packaging removed; ■■- 

• "• 1 rig. 6A is a 'cross-sectional view, of the third 
embodiment with "the outer packaging attached; 

Fig. 6B is a front sectional view of the third 
embodiment with the outer packaging attached; 

r -Fig^SC Is a top sectional-- view of. the-; third 
embodiment with the' outer- packaging attached; . 

Fig. -7 is a perspective view of a reflecting 
plate used in a portable telephone according to a fourth 
embodiment of the : -present invention; ■ • - 

• - Fig ; 8 is a perspective view showing a portable 

, . ^_ a fifth embodiment;, of the. present 
telephone according to a turn enwu 

invention with an outer packaging removed; 

■ ~ ' Fig." 9A is : a cross -sectional view of the ..fifth 
embodiment with the outer- packaging attached; . 

Fig. 9B is a front sectional view, of the . fifth 
' embodiment with the outer packaging .attached; 

Fig. 9C is a top sectional view of .:the fifth 
embodiment with the outer packaging attached; . 

Fig. 10 is a perspective view showing : : a portable 

« • ' , 0 . c ixth embodiment of the present 
telephone according to a sixtnenoou 

invention with an outer packaging removed?, " 

Fig. 11A is a cross-sectional view of the sixth 
Embodiment with the outer packaging attached; 
' r - •"- '•Fig 1 : 11B is a front sectional .view : of the sixth 

embodiment with the outer packaging attached; • . 



' »■'-. Fig ../HC is .a top . sectional view of the sixth 
embodiment with the outer packaging .attached; 

Fig*. 12. is a -perspective view showing a portable 
telephone according to a seventh embodiment of the 
* present invention; - . 

..Fig. . 13Ajis, a view schematically showing a 
direction of reflection of an „ electromagnetic wave in a 
plane yz when a flat-plate-type. reflecting plate is 
arranged; <. v 

";':Fig..l3B is a view schematically showing a 
direction of reflection of an. electromagnetic wave in 
the "plane yz when a f lat-plate^type reflecting plate is 
. arranged-; 

Fig. 14A is a. view schematically showing a 
direction vof reflection of -an ...electromagnetic wave in a 
plane xy when a ,f lat-plate-type r reflecting plate having 
a "curvature is arranged;,- 

Fig. 14B is ;a ; view schematically showing a 
direction of --reflection -of ; an . electromagnetic wave in 
the plane xy-when a .flat-plate -type reflecting , plate 
having a curvature -is arranged; 

- Fig..l5A is a, perspective view showing the whole 
of a basic structure of. a conventional portable 
telephone; ...... - - > 

■ ' Fig. :. 15B : is a perspective view showing a state of 
the conventional portable telephone in which its outer 
packaging, is. removed; 
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Fig. 15C is a perspective view of the outer 
packaging of the conventional' portable telephone. 

' E^ ^TPTTnw nv ' the PREEEK P^T) T jMBDDXMEMTfi 
5 The preferred embodiments of the present! invention 

. / will . be discussed, hereinafter in detail with reference 
to the accompanying drawings'.- In the "following 
description, numerous specific details are set forth in 
order to provide a thorough understanding of the present 
10 "invention. It will be obvious, hdweyer, to those skilled 
in the art that ' the " present invention ' may be" practiced 
" without these specific details^ in other ' instances , 
' ' well-known structures' ; are not shown ih detail' in order 
: tono t unnecessarily obscure the present invention. 

First, the present invention will be. outlined, 
in order to reduce electromagnetic waves in such 
a direction that lessens a contribution to communication, 
a reflecting plate is arranged in the vicinity ..of a 
radiation source to" increase the amount of, . 
electromagnetic waves 'radiated toward a space in a 
direction where no human body is located (also referred 
to as "free space- hereinafter ), thereby increasing the 
amount of electromagnetic waves •contributing to 
' ' communication and improving radiation efficiency during 
' 7 a call to ' improve communication performance.. , More 
" specif ically, a "single -or a plurality , of reflecting , 
plates is disposed at a side on which a speech 
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transmission unit and a speech reception unit are 
located in an outer packaging of a portable telephone 
and at a position where an electric field component 
and/or a magnetic field component is dominant 
5 to increase the .amount of electromagnetic waves radiated 

into a. free space when the portable telephone is being 
used", ■ „ 

. :, v : ■ 'When, a material having a loss is used as a 

reflecting plate, for example, a magnetic material 
10 ' ; . having, a value , in .an imaginary part fJ.r" of a complex 

relative-permeability Ur = tfr/^- jtfr" (Ur't real part, 
' U r" i ' imaginary part, j: imaginary number unit) at a 

frequency used in. a portable telephone or a dielectric 
. material haying : a .value in an imaginary part B r" of a 
15 - complex relative dielectric, constant £r 8 £r f - j £ r w - 
'■;•"( f-r": real part, Ex" : imaginary part ) , electric power 
•i 'absorption* of electromagnetic waves proportional to the 
imaginary p;art M-r M or the imaginary part £ r" is 
involved; ; t hereby; a part of the electromagnetic waves 
20 radiated from a radiation source is absorbed by the 

reflecting plate to reduce, the . amount of the 
electromagnetic .waves contributing to communication, 
" which prevents, sufficient improvement of radiation 
■■efficiency. In the present .embodiment, since decreasing 
25 ' the values, of the imaginary parts Hr" and ; £r M makes a 

reflecting plate effective, a reflecting plate formed of 
a lossless magnetic material or dielectric material 



having a value- of an imaginary part approximate to 0 is 
used • 

" - as conditions- of a reflecting plate, formed of a 
magnetic material,- the material should. have a. real part 
M r' of a complex relative permeability whose value is 
larger than 1 and an imaginary part Mr" whose -value is 
approximate : to 6; and as conditions of . a- ref lecting plate 
formed of a^ dielectric material, when an outer .packaging 
exists, the material should have a real part. Hr' of a 
" complex relative dielectric constant, of the reflecting 
plate whose value- is < larger than a value, of a real part 
of a complex relative dielectric constant.of the outer 
packaging and an imaginary part 6 r" - approximate to 0 in 
consideration of the" complex, relative dielectric 
constant of the outer- packaging ,in order not. to cause 
effects of electric power absorbed at the reflecting 
plate o 

• since a: conductivity a ', is in proportional to an 

imaginary part of a complex relative .dielectric 
constants /(co- -SO), £0: dielectric constant s air..,o>: 
each frequency), the- conductivity. can be equivalents 
handled a S the imaginary part of .the. complex relative 
dielectric constant. Thus, in terms,of a conductivity , 
the above-described material having ex- approximate to 
- is- equivalent to that having a conductivity approximate 
to 6 and therefore a reflecting plate, formed , of a 
dielectric material should be free of .conductivity . 
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- — - -For improving radiation efficiency, , a reflecting 
plate formed of a magnetic material is arranged at a 
place where .a magnetic field is dominant, and that formed 
of- a dielectric material is arranged at. a place where an 
electric > field is dominant. , In, for. example, a portable 
telephone having a , AV4- type .antenna structure in which 
an antenna. 2 is approximately: A /4 long. ( A : .wavelength) 
' and a metallic cabinet 3 is also approximately. A/4 long 
(Figs. 15A to 15C), the; antenna and the metallic cabinet 
eguivalently operate: as ; a half-wave length dipole 
'antenna, and a current distribution over a radiation 
Source-' is- liable to show a . sine-wave distribution in 
which the current shows a' peak value, in the vicinity of 
a feeding point 4 and: the same shows . a .small value at 
the top ~o£ the antenna .2 .and at a ; lower end portion of 
the metallic cabinet 3; 

Therefore, in the vicinity of the feeding point 2, 
the magnetic.- field strength* is -great and in the 
vicinity of; the .lower : end portion. of . the metallic 
cabinet - 3, the - electric, field .strength is great. In 
other words; in the .electromagnetic waves radiated from 
the vicinity of .the feeding point 4, a magnetic field 
component is. dominant and in the electromagnetic waves 
radiated from the vicinity -.of the lower epd portion of 
the metallic 1 cabinet 3y an electric field component is 
^dominant. Since, in general, a magnetic material acts 
effectively, on magnetic -field, reflection, .and a 
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dielectric material acts .effectively on electric, field 
■ reflection,: in> a- portable telephone, haying such,. an 
antenna structure, a reflecting plate formed of a 

• magnetic material is- arranged. in the vicinity of the 
feeding point 4- where a magnetic field is ; dominant, and a 

- reflecting plate- formed of, a dielectric material is 

arranged in the vicinity of-, the lower- end portion of the 
metallic cabinet 3 where -.an -electric field ^dominant. 

"(EMBODIMENT 1)- ■. . ■ ■ 

■ — . Fig , i ds a/perspective -vie* showing a portable 

telephone according to a first embodiment of the present 
• invention, with an outer packaging removed. 

■ •; Figs. 2 A to -2e; are ;yiews showing the portable 
telephone at a state where, the outer packaging, is 
■•<- attached. Fig.. 2A is a cross-sectipnal .view of the 

• telephone taken along : the. section. of , a metallic cabinet 
3 on a plane y* in Fig, 1 and ; seen, from the direction A, 

. Fig. 2B is a front sectional,yiew of the, same seen from 
above the surface of. a, reflecting plate lb^ a plane xz 
in Fig. r and from the- direction B-, and Fig. 2C. is a top 
sectional View/ of the same, seen f rom : t*e, top., surface of 
, a' reflecting plate la on a plane xy in Fig. 1 and from 

the direction C« ; v - r - * 

> - - As can be seen -from Fig, 1 and- Pigs.. 2A. to 2C, 
• We portable telephone of . the. present- embodiment at . . 
least -includes the- reflecting, plate 1,. an antenna 2, the 
< " metallic cabinet- 3, a feeding, point: 4 and the outer 
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packaging 5. The - antenna :2 > the . metallic cabinet 3, the 
feeding point 4 and the outer : packaging, 5 of the present 
embodiment may- be the' same' as conventional one s 7 and for 
generating electromagnetic waves- from the portable 
5 telephone/ power is* supplied- to the feeding point to 

make the antenna' and the metallic, cabinet operate as 
main radiation sources'. * In - other words , : the present 
embodiment is characterized in: that a reflecting plate 
is newly attached in a basic structure of a conventional 
10 and typical portable telephone- to improve radiation 

efficiency V- - ■ - : 

* -In- the portable telephone illustrated in Fig. 1 
and Figs.* 2A to 2C, the 1 antenna and the metallic cabinet 
are set to have a length of approximately , A and three 
15 reflecting plate's la, lb and >.lc are arranged near the 

radiation sources and on the*, side . where a, speech 
transmission unit and a -speech reception unit are placed. 
The reflecting plates l a ? andv lb . arje formed of- a magnetic, 
"material whose complex relative 1 permeability has, at a 
20 frequency u'sbd v in ; the- portable .telephone, a. desired 

value of a 1 real part larger, than. 1, and has a value of an 
imaginary part approximate to 0. ; The reflecting plate lc 
is formed of a dielectric material whose -complex 
relative dielectric constant .-.has, at a frequency band of 
25 the portable telephone, ' a desired value, of . a r.eal part 

larger than that of a - real, part of a complex relative 
dielectric constant* of the outer packaging and .has a 



value of an. imaginary, part -approximate.-to 0. r . 

v As can be r seen from Figs. 2A to.2.C /( the 
reflecting:, plates • 1- are .flat plates whose width 
(corresponding to the direction x), a thickness 
(.corresponding to the direction y) and a length 
(corresponding t:o . the direction z) : . are set to have 
desired values -and. which .are all arranged to .be in 
parallel to the surface of the metallic cabinet 
(corresponding to .the plane x Z ) . .. In, addition, the 
reflecting plates .-are .disposed near the radiation 
sources and at desired positipns within the outer 

packaging. * . 
,- .. . .The reflecting plate la is placed within a 
cylindrical portion " 5 b provided on the .upper .surf ace of 
the outer .packaging 5, which is. a plate haying a length 
equal to that of-. the cylindrical portion, ,5b and arranged 
near the lower. end portion of .the antenna..: . 

.... The. reflecting plate lb is, disposed covering the 
vicinity of the. feeding, point 4 and fhe vicjLnjLty of the 
upper end portion of , the metallic cabinet 3,. which is . 
here a- reflecting plate : approximately equal to the w.dth 
of. the outer, packaging, arranged so as to. have its upper 

surface in contact with the outer, packaging . 

. -The reflecting plate, lc is. disposed covering the 

■ vicinity of the lower end. portion of the metallic 

cabinet 3,, which is here a. reflecting plate, w^ose 

thickness, and width are equal . to those of the, reflecting 
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plate ' lb arranged -to -have "its lower surface r . . in 
contact with the outer packaging,* The reflecting plate 
1c and 'the reflecting plate^ lb- are = positioned on the 
same plane. ' . \ 

I* n * th ^ portable telephone 'having the antenna 
structure as illustrated in -'Pig. 1, a- current, 
"distribution over a 1 radiation source is liable to show a 
sine-wave distribution in which the magnetic field 
strength is great in the vicinity of "the f eeding point 4, 
and the electric field -strength is "great in the vicinity 
of the lower end ' portion of the metallic cabinet 3. in 
other words, in the electromagnetic wavfes radiated from 
the vicinity of the feeding point 4/ a magnetic field 
component is dbminant/ahd'- in ' : the ' electromagnetic waves 
radiated from the vicinity of the- lower end portion of 
the metallic cabinet' 3, an electric field component- is 
dominant. -Therfef ore, with the above-described' reflecting 
plates la,' lb and* 1c, electromagnetic waves radiated 
from th^ v radiation sources are- heire effectively 
20 reflected in a manner ■ described -in the following. ; 

More specifically^ as can- be- seen from Fig. 1 and 
Figs i. 2 A to' 2C, since the reflecting plates la and lb 
formed of a magnetic material- are placed- in" the vicinity 
of the feeding point 4 and have a desired value of a 
complex relative : permeability, magnetic ; field -.reflecting 
efficiency is high. Therefore, the electromagnetic waves 
which are radiated from the vicinity of the feeding 
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point 4 and whose dominant -component is a magnetic field 
component will be reflected by, these reflecting pi a.tes 
toward the direction opposite to that of. a .human body in 
which the electromagnetic waves- are liable to attenuate. 
The reflecting plate " la -acts effectively mainly on 
electromagnetic "waves which are radiated -from the 
vicinity ''of the lower end -portion of, the -antenna 2 and 
whose dominant component is a magnetic field component, 
while the reflecting plate lb, acts effectively -mainly on 
electromagnetic waves which are , radiated from the., 
vicinity of the feeding point 4 and the vicinity of the 
upper end portion of the metallic cafeinet 3 and who,se 
dominant component is a magnetic field component.. , 

■ - " ■ For' reflecting an electric ; f-ield .component, the 
reflecting plate Icis used. More specifically, as. can 
be seen from Fig. 1 and Figs .. 2A ^to 2<?, since the . , 
reflecting plate- ic^ formed of a dielectric, material . is 
placed in the vicinity of the lower : end .portion, of _ the 
metallic Cabinet 3 and-has a desired ^alue, of r a, complex 
relative dielectric constant, electric field, reflecting 
effect is high. Therefore, the. electromagnetic waves 
which are radiated from, the vicinity, of the lower end 
portion' of ' the metallic cabinet 3 and. whose dominant , 
component is an electric. field component, will be • 
reflected by the reflecting plate 1c toward the opposite 
direction o 

Since the reflecting plates la, ,1b and 1c barely 



have values in 'an imaginary, part... of. , a complex relative 
permeability : afnd ah imaginary part .of a cQmolex ,r^^ f 
dielectric constant'/ they involve .none -of .the effects i of 
power absorption by reflecting .plates which are .problems 
of a reflecting plate having a loss . Therefore,, in the, 
portable* telephone df the 'present invention, the . 
reflecting' plates reflect electromagnetic waves with 
little power absorption. 

As described, in the foregoing^ the present 
invention intends v to' make effective, use of.. 
electromagrietic waves which have a_ small contribution to 
communication in conventional techniques by arranging a 
reflecting- plate at 'an appropriate* position within a 
portable telephone to reflect electromagnetic waves from 
an radiation' source' to an opposite direction- . In „ . 
addition/ since the reflecting -.plate , ha§ , a value of an 
imaginary part of a' complex relative ..permeability and a 
value of an- imaginary part of a . -complex relative . 
dielectric 3 constant both approximate to , 0 , -it- involves 
littl^' power ^absorption at the-time of irradiation of 
electric waves ; As a • result , the .^amount of 
electromagnetic waves contributing . to- communication is 
increased/ which is followed by improvement . of radiation 
efficiency during a -call to. improve communication 
performance/- - - * ■■ . , 

Although the reflecting plates la and lb formed 
of a magnetic material and the reflecting plate lc 
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showing - a state where the flat-plate -type reflecting 
plate is" located- near the radiation sources, and r 
schematically "shew electromagnetic wave reflection 
directions in the plane yz. Fig. 1.3 A shows a case where 
the reflecting plate lb. is arranged in. parallel to the 
surface 'of the metallic cabinet in the. first embodiment 
shown in Fig. 1 and .Figs .. 2A to 2C, .which.. case 
corresponds to a figure obtained by removing the 
reflecting plates la and lc . from Fig. 2A. Fig. 13B shows 
a case where the reflecting plate, id. of the present 
embodiment is disposed aslant, which corresponds to Fig. 
4A. Assuming here that a call is made by a user holding, 
for example, the vicinity of the uppermost part of the 
outer packaging by his or her ,hand, a region D at which 
the hand is positioned . is .illustrated in the figure. 

When electromagnetic waves are incident on the 
surface of the reflecting plate : .at an angle of incidence 
of 6 , an angle of reflection of the reflected 
electromagnetic-waves is equal to the angle of incidence. 
Here, an angle of incidence 's .an angle between the 
direction of incidence of electromagnetic waves and a 
perpendicular, on the surface of. the reflecting plate on 
which the electromagnetic, waves are incident, while an 
angle of reflection is an angle between the 
perpendicular and. the direction of reflection of the 
electromagnetic waves . In Figs. 13A to 13B, 
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consideration will be given to a case where an ,late< 
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electromagnetic wave radiated from the .radiation source,, 
in the angle' <f> direction- is ; incident .on. the surf ace of 
the reflecting plate. In the 'case -of -Pig.- 13B*. since. the 
reflecting plate is ; disposed aslant, -an angle of . ; 
incidence d : 2 in this case is larger' than .an angle of . - : . 
incidence 01 in the-'case : of 'Fig. 13A and. an. angle of, ,. 
reflection is accordingly large. As a result, as can be 
seen from' the f igureV, while the direction of reflection 
of the electromagnetic 'wave' is a direction of 
free space above the telephone in the case of Fig v 
the" 'direction"' approximates' to ^a -parallel . direction, ie, . 
a direction of the region where the hand is located, in 

the case of Fig. 13Al' , ' • 

Accordingly, when the reflecting plate lb is , 
arranged in parallel to the surface- of the metallic 
cabinet, although attenuation of electromagnetic waves 
by Y hand" is relatively "small; because ■ of the effects 
there is a possibility that ine r amourit of ' . 
electromagnetic waves contributing - to communication will 
be reduced . Under these circumstances , in., a case where 
it is assumed that a user makes a call while .holding the 
uppermost part' of the outer "'packaging by his or her hand, 
it is preferable,"' in' order" to effectively improve 
radiation efficiency, to dispose the reflecting plate Id 
aslant to the metallic cabinet as Illustrated in ^Fig.- . 
13B, thereby making'the' electromagnetic We reflection 
direction face in the direction of free space above..- 
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Because in the portable telephone according to 
the present embodiment, the reflecting plate Id is 
disposed at a position approximately the same as that of 
the reflecting plate lb of the first embodiment shown in 
Fig. 1-and Figs. 2A to 2C, the electromagnetic waves 
which are radiated from the vicinity of the feeding 
point 4 and the vicinity of the upper end portion of the 
metallic cabinet 3 and whose dominant component is a 
magnetic. field' component will be effectively reflected 
by the reflecting plate Id toward the opposite direction 7 
as has been described in Embodiment 1. 

As described in the foregoing', with the portable 
telephone of the present embodiment in which a 
reflecting. plate is disposed aslant with respect to the 
surface, of a metallic cabinet, more electromagnetic 
waves, are radiated toward a direction which is opposite 
to the direction in which a speech transmission unit and 
a speech reception unit are arranged and which is the 
direction of free space, so that effects of a hand 
exercised on communication performance is reduced to 
further improve radiation efficiency during a call, 
thereby improving communication performance. 
(EMBODIMENT 3) 

Fig. 5 is a perspective view of a portable 
telephone according to a third embodiment of the present 
invention, which shows a structure of the portable 



telephone with an outer packaging removed. State of the 
portable telephone with the outer packaging attached is 
shown in Figs. 6A to 6C. The respective sectional views 
of Figs. 6A, 6B and 6C show completely the same sections 
as those illustrated in Figs. 2 A to 2C, respectively, 
and Fig. 6A is a cross-sectional "view, Fig. V 6B is a 
front sectional view and Fig. 6Cis a top sectional view. 

The portable telephone of the present embodiment 
is a modification of the portable telephone " shown in the 
first embodiment (Embodiment 1) with the only difference 
in configuration of the reflecting plates , in which the 
same antenna 2, metallic cabinet 3 and outer packaging 5 
as those of the first embodiment are used. Illustrated 
here as an example are reflecting plates le and If 
formed of a magnetic material and arranged to cover the 
vicinity of the feeding point 4 and a reflecting plate 
lg formed of a dielectric material and arranged to cover 
the vicinity of the lower end portion of the metallic * 
cabinet 3 . 

In the portable telephone of the present 
embodiment, as can be seen from Fig. 5 and Figs. 6A to 

SC., a convex or. curved reflecting plate is used. The 
reflecting plates le, If .and lg .are. designed to have a 
desired' curvature toward .the side opposite to the incident 
side on- which the electromagnetic waves are incident and 
.along: a- direction, of the width of .the metallic cabinet 3 



' (corresponding' to- the direction, x) .• 

The reflecting plates le, If and ,lg are .disposed 
to" have their vertexes of convexities (curves) face to 
the radiation source side and- have their back end 
surfaces in parallel to the surface of, the metallic, 
cabinet as can be seen from Fig. 5 and. Fig. 6C. The 
reflecting plates lev If and lg. correspond to , lb and 

" lc shown' in the first embodiment (Embodiment 1), 
respectively, and the respective .reflecting plates are 

" equal in thickness, width, and length, and. a_ complex 
relative permeability and a complex relative dielectric 

• constant-, and are" different, only in configuration . 

• in addition, arrangement of -the reflecting plates is 
also made to -correspond to that • of the reflecting plates 
shown in the first embodiment (Embodiment 1 ),. and the 
reflecting plate- le. which" is located, within a 
cylindrical portion 5b. provided- on the upper surface of 
the outer packaging -5 and- whose length is. equal to that 
of the cylindrical portion 5b is. arranged. In. the 
vicinity of the' lower end' portion . of the antenna 2 . As 
the reflecting plate If, which is arranged to cover the 
vicinity of the feeding • point 4 and the vicinity of the 
upper end portion of the metallic . cabinet 3, ,a. 
reflecting- plate having a width substantially equal to 

" that of the outer- packaging -5- is disposed- to have its y 
upper surface -in contact with the outer packaging. 
Furthermore, the reflecting plate lg,, which is arranged 



to cover the vicinity,, of " the . lower end portion of the 
metallic cabinet '3, is here designed to have the same 
thickness, curvature :and width.- as those of the 
reflecting plate If, and is, disposed to. have its lower 
s.urface : in contact with the outer packaging.. Rear end 
surfaces of ~ the reflecting plates Ig and If are 
positioned bh- the same, plane-.:. ; e< , < .-. - 

Since the reflecting-. plates ; here illustrated are 
designed to have a' curvature, tjie* direction of ^ 
reflection of electromagnetic, waves incident on the 
reflecting plates' differs frpm. that of, the . flat-plate- 
type reflecting plates shown an the first embodiment 
(Embodiment 1) to enable effects-, of a hand exercised on 
communication performance, to be reduced as described in 
the following; - < • k.: * : 

Figs. : 14A and 14B.; schematically, show a difference 
between directions of" electromagnetic- waves reflected by 
a f lat-plate^type reflecting plafee and a reflecting 
plate' having a* curvature', in the -plane xy taking, as 
examples; the ref lection plate... lb- of the first 
embodiment' (Embodiment 1.) in whiph a £ lat^plate.-type 
reflecting plate is disposed: to cover the vicinity of 
the feeding point and the. vicinity of. the., upper end 
portion of the metallic cabinet and -the xefleqting plate 
If Figi 14A shows a case- where the flat plate, type _ 
reflecting plate lb of the first embodiment is. disposed, 
while 14B shows a case where the reflecting pirate If 



having a curvature of the present embodiment is disposed. 
Figs. ; .14A and. 14B. correspond to Figs. 2C showing the top 
sectional view of the portable telephone in which a flat- 
plate -type reflecting plate is arranged and Fig. 6C, 
respectively, from which figures illustration of the 
cylindrical portion 5b of the outer packaging 5 and the 
metallic, cabinet, 3. is omitted for^the purpose^ of making 

the figures .easily seen.. In the.figures, assuming, 
'for example, that, a user makes, a call while holding 
-the uppermost part of . the outer packaging, by his hand, 

a' region at which- the -hand is located is indicated as E 
-and both of. the reflecting plates have their surfaces 

closest to ' the antenna ^located at . the same,., distance d. 

" Consideration will be given to a case wherein 
Figs. 14A and 14B, electromagnetic waves radiated from 
the feeding point in the angle 4> direction are incident 
on the reflecting plates. In Fig. 14B, since the 
reflecting, plate; has; a curvature, 'the angle of incidence 
of 9 4 ; is ' larger than the angle ; of incidence of 6 3 in 
Fig. 14A,and the angle of reflection is accordingly 
increased. As a ..result , the direction of reflection of 
electromagnetic waves. falls within a relatively narrow 
range in. Fig.. 14 A, while the direction falls within a 
wider range in Fig 14B to increase directivity. Thus, 
..since arranging the f lat-plate -type reflecting plate lb 
might cause reduction in the amount of electromagnetic 



waves contributing to communication because of 'effects 
of a hand when taking a reflection direction of the 
electromagnetic wave into consideration, it is 1 
preferable for improving radiation efficiency more 
effectively to use such a reflecting plate If having a 
curvature as illustrated in Fig! 14B to* make the 
reflection direction fall within a wicier rarig4. 

Since in the portable telephone of the- present 
embodiment, the three reflecting plates le, If- and lg 
are arranged substantially at the same positions as 
those of the reflecting plates 1 la > lb and lc^in the 
first embodiment (Embodiment 1), respectively, and the 
reflecting plates are appropriately and selectively 
arranged to effectively act on the magnetic field in the 
vicinity of the feeding point 4 and the electric field 
in the vicinity of the lower end portion of the metallic 
cabinet 3, effects of these refiecting ^ plates enable, 
similarly to the first embodiment' effective reflection 
of electroma 9 n ^tic waves which aire radiated' from the 
radiation source in the vicinity **6f the feeding point 4 
and whose dominant component is a 1 magnetic field 
component^ and electromagnetic waves ""which 'affe radiated 
from the vicinity of the lower end : portion of the 
metallic cabinet 3 and whose "doikihahV component is an 
electric field component. ! ? r - : J - v 

As described in the ' foregoing, the portable 
telephone using a reflecting plate having a curvature of 
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the. present, embodiment allows a reflection direction to 
fall withi-n. a relatively wide range, enables more 
electromagnetic, waves to be radiated in a direction 
opposite to the direction in which a speech transmission 
unit and .a speech reception unit are. arranged and. toward 
free space, enables effects of a hand exercised on 
communication performance to be reduced, and radiation 
efficiency during a -call to.be further improved, thereby 
improving ..'.communication performance. _ 

• : .(EMBODIMENT .4.)-.. • . . .. • . . . 

. .. • - Next, as a- fourth embodiment of the present 
invention, -the .reflecting P^te having a curvature in 
the portable telephone, of the third embodiment 
embodiment 3 ),. is • replaced, . for example, by a reflecting 
plate Ih having a .^shaped structure shown in the 

t-\f rin 7 The reflecting plate lh is 
perspective view of Fig.- / Xll .?= 

obtained;by bending pne fl. ? <: plate into a V- shape so as 
xo have an angle , -ward ,he side" opposite to a direction 
■in which electrocnanetic, waves are . incident . This 
reflecting plate is, equivalent to : a plate having an 
angle in place of a curvature f or incident 
electromagnetic waves. In the present embodiment, an 
angle of incidence at which electromagnetic waves are 
incident on the reflecting plate is larger than that in 
a case of a flat plate,and an angle of. reflection 
becomes- larger accordingly similarly to a, case of a 
reflecting plate having a curvature. Therefore, 
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similarly to the third embodiment usin : g : a reflecting 
plate having a curvature, 'using a V-shaped reflecting 
plate enables a 'reflection direction to' faili within a 
relatively wider range. 
5 The V-shaped reflecting plate Ih 'in- the portable 

telephone is arranged, as illustrated in Fig. 7, to have 
a projection portion 'of the V-shaped face to the 
radiation source * side ". ' in "the vicinity? •of the feeding 
point, disposed is , for ' example, a' reflecting plate 
10 having the same complex relative-permeability as that of 

the reflecting plate If used in^ the third embodiment and 
in the vicinity of the' lower end portion of the. metallic 
cabinet, a reflecting plate having the same complex 
relative dielectric constant as that of .-the reflecting 
15 plate lg in the third embodiment is disposed to have- a . 

desired size and angle 1 Such arrangement achieves the 
same effects as those described in the third embodiment 
to improve radiation efficiency during a cal-l ; without 
involving effects of electric power absorption by the 
20 reflecting plate, thereby improving communication 

performance. Effects of a hand exercised; on 
communication performance can be also, reduced. , •. 

(EMBODIMENT 5) : ^" :/ : . 

Although illustrated in" the foregoing -as- .'the' 
25 embodiments of the" present 1 invention 'are ^examples, with 

varied arrangements and configurations of. reflecting 
plates, such reflecting plate -arrangement; .and _ . 
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.configuration as described in the following are possible 
as a further embodiment of the present- invention. 

It is for example possible in. the portable 
telephone of the first embodiment (Embodiment 1), as 
5 illustrated in the perspective view of Fig. 8 showing a 

structure of a portable telephone with an, outer 
packaging removed/ to newly arrange a flat-plate r-type 
- . .reflecting plate. ,li .so as to be in contact with the 
.. .. reflecting .platens, la and b^ A. state where, the outer 
10 . packaging is attached is shown in Figs . ?A to 9C, whose 
sectional views; correspond to those of- Figs.. 2A to 2C, 
respectively. , 

Here, the reflecting, plate li is formed of a 
. . magnetic material, and is designed to have the same width 
15 . ... and complex , relative permeability as those =: of the 

reflecting plate Ib^as an example .- -As „. can be. seen from 
■:■ Fig. 8-.and Figs . 9A to 9C, the reflecting plate li has 
, its upper surface. and- the side surface in contact jwith 
the reflecting plates la : and, lb, : respectively, .and is 
20 disposed to have" the upper surf ace in contact with the 

outer packaging. While in the first embodiment 
.< Embodiment 1 ),. the reflecting- plates ,1a. and. lb are 
arranged to have a. space .therebetween, in the. present 
. .. embodiment, disposing the reflecting plate in li therebetween prevents the two 
25 reflecting plates from having a space. .Therefore, the portable telephone 

illustrated in Fig. 8 enables electromagnetic waves to be reflected without leakage 



'due to a space, so that the^aihbunt : of 'Electromagnetic 
waves contributing to • communication is increased to 
further improve radiation efficiency as a result. 
■ (EMBODIMENT 6) - ' ' ! * <<• T 

-It is also possible in the portable telephone 
shown in the first embodiment (Embodiment 1') ; f or 
example, to arrange a reflecting plate lj. which is 
obtained by joining the reflecting -plates la arid lb to 
be positioned on the same plane / as illustrated in the 
perspective view of Fig. 10" showing' a structure of a 
portable telephone with an outer packaging removed. ,% 
A state where the outer packaging is attached- is > * 
illustrated in* Figs'. 11 A" to llCf, whose- sectional views 
correspond to those of Figs. 2A to 2C, respectively. - In 
the present embodiment, the' metallic cabinet' is arranged 
to 'be 1 shifted to the ' side of -the outer ^packaging surf ace 
opposite to the side where the speech transmission unit 
and 1 the speech reception unit are • disposed, as can be 
seen from : Figs. 11A to^itC: ?: v 

Employed here as ' a" mater-iar of the reflecting plate ■ 
lj, "as' ; an- example, is a 1 material having . the same complex 
relative permeability as that of the reflecting plate lb. 
As can ; be : seen from Fig.' 10 'and Figs: 11A to TIC , the 
reflecting plate lj is equivalent to the one obtained by 
moving the reflecting plate lb shown., in the first . 
embodiment (Embodiment 1) down the reflecting plate la 
placed within the cylindrical portion 5b and joining 



■them.. . As .a. result, the amount of. electromagnetic waves 
contributing to communication is increased because of 
.lack of a space to further . improve radiation efficiency. 
: . :, Moreover, as a configuration of a reflecting 
plate/ the reflecting plates. shown in the second and the 
third .embodiments (Embodiments . 2 and 3 ) may be combined 
to .form one reflecting .plate, ^hereby adjusting the 
direction ,of : reflection of electromagnetic waves . For 
example,- possible >s a, reflecting plate made by 
arranging the reflecting plate If illustrated in Fig. 5 
to have its upper -surface side be in contact with the 
lower surface side of the reflecting plate Id 
illustrated in Fig. 3, which is disposed aslant with 
respect to the metallic cabinet. It. is also possible to 
arrange .the reflecting plate formed of a, desired size in 
..the vicinity, of a .feeding point within an outer 
packaging, and arbitrarily change, in the plane xy and 
the plane yz, the direction, of reflection of 
electromagnetic waves, radiated from. the vicinity of the 
feeding point toward the side, where a speech 
transmission unit- and, a speech reception unit are 
disposed, thereby reducing the effects of a hand 
exercised on communication performance. 

• .as described in the foregoing, a reflecting plate 
. of the present, invention can be set . to have an arbitrary 
size and an arbitrary configuration having ^sired 
curvature and angle, and a plurality of reflecting 



plates may be used or they 'may 1 be used individually. In 
addition, In the portable telephone ::ot the present 
invention/ the above-described reflecting, plates may be 
variously combined for use, such as a combination with 
replacement only of the flat-type- reflecting plate la, 
disposed in the ; cylindrical portion in the portable 
telephone according to the first embodiment shown in Fig. 
1 and Figs, "2A to 2C,by the reflecting - plate le of the 
third embodiment shown : in Fig. 5 J arid Figs. 6A „to 6C. 
(EMBODIMENT 7) ' '< - 

' Although the present invention* has been described 
in the foregoing with respect to the embodiments in 
which reflecting plates are arranged in an outer 
packaging,* the reflecting plates of the present 
invention may be used also as " ^ri "Outer packaging , In -a 
seventh embodiment of the' present invention, .a magnetic 
material and a dielectric Material having . the.. same 
complex relative permeability a:nd complex- relative 
dielectric constant is those of the reflecting plates 
used in the above-described embodiments are used in an 

outer packaging, andT no independent reflecting plate is 

... . 
disposed within the packaging. ' " " • 

Fig. "12 is a perspective' view showing one example 

of a portable telephone according to the seventh 

embodiment ' of the present invention-. The present 

embodiment is the., same as conventional portable 

telephones in arrangement and position of an outer 



packaging, components disposed .within .. the outer packaging 
such "as 'the -antenna 2, .the metallic cabinet 3. and the 
feeding point 4/- and operation of the portable telephone, 
but is dif ferent in an 'outer packaging structure ^ 
in that it serves also as a reflecting plate. . Shown in 
trie present embodiment is a portable telephone, in which 
ah antenna and a metallic cabinet have a^ length .of 

approximately A/4.- ; : 

with reference toFig.;12,,an outer packaging 6 

used in the present embodiment is made up of ., a hollow 
cubic portion 6a and a cylindrical portion ,6b formed on 
a round hole 5c of the cubic portion 6a r :: in which 
magnetic materials 8a' and- 8b having the same complex 
relative permeability, as that of the reflecting, plate lb 
described in the first embodiment and, shown . in Figs. 1 
and 2 are provided at a part of the cubic . portion 6a and 
a part of the cylindrical- portion 6b, .and plastics, 
resin or other material is used for the remaining part. 

<- The magnetic, material 8a is provided. at a region 
on the side where a -speech transiuiss ion ; unit ^nd a 
speech reception unit are. arranged in ,the, cylindrical 
portion--'6b. Since, in general, on f the outer packaging on 
the side where the speech transmission unit and a speech 
reception unit are arranged, a. display unit 7 having a 
; display function such as a liquid crystal; display is 
provided, the magnetic material 8b is disposed- on the 
' upper' side of the display unit 7 . - . : , 



~ As has been described in relation with the first 
embodiment- (Embodiment -.1) , in electromagnetic waves 
radiated from* the antenna .2 in the vicinity of the 
feeding point* 4, the dominant component is a magnetic field 
component'. -'The magnetic materials ,8a .and 8b. .are, placed 
in theTvicinity of the feeding, point and on the side 
where 'the speech: transmission, unit and, the speech 
reception unit are arranged, and. their, complex relative 
permeabilities have a desired. value of a real part 
larger than' 1 at a frequency used in the portable 
telephone and a value of. an imaginary part approximate 
to' '0 . n Electromagnetic wavers : which ..are radiated from the 
vicinity of the feeding point and whose dominant 
component is- a magnetic field component are accordingly 
reflected 7 by the magnetic materials 8a and 8b_ toward the 
opposite direction. . In mother words, since the magnetic 
"material has a value of an imaginary : part of a complex 
rWiative permeability approximate to .0, effects of power 
absorption^ by a reflecting ;plate r which, is a problem of a 
reflecting- -plate having a -loss are small. The present 
embodiment /therefore.:-enables. electromagnetic waves to be 
reflected' 1 involving little power absorption by a 
reflecting plate . - . , 

'Although in the foregoing, description has been 
made of- the example of an outer packaging .formed of a 
magnetic -material'/* the packaging may be formed of a 
dielectric material and, fpr : example, a. dielectric 



material.. Jiavyig the same complex relative dielectric 
constant' as that of the reflecting plate 1c described in 
.the first embodiment and shown in Fig. 1 and' Figs. 2A to 
2C may be.. provided at a lower part of the outer 
packaging, surface so as to cover the vicinity of the 
lower end portion of the metallic cabinet. 

As a reflecting plate or an outer packaging 
formed. of a magnetic material used in the present 
invention, any magnetic material having the above- 
described complex relative permeabiiity can be employed 
and, for example, such a magnetic material as" ferrite 
sintered body, a compound material manufactured' by 
mixing a magnetic material and resin, and furthermore, a 
magnetic thin film may be used. Also, a dielectric 
material forming a reflecting plate may be any 
dielectric material having the above-described 
dielectric characteristics and, for example, a compound 
material manufactured by mixing the adjusted amount of 
carbon or' graphite with rubber/and a dielectric thin 
film may be. used. 

.having dielectric . characteristics " in addition to 
.magnetic materials.. For forming a reflecting plate or 
the like with a magnetic material having such 
"characteristics in Re present invention, used in order 
to eliminate effects, of power absorption is a reflecting 
plate having, at a frequency used in a portable 



telephone, a desired value of a real part of a" complex 
relative permeability larger than 1 £rid a value of an 
imaginary part approximate to 6, and a' value' of : an 
imaginary part of a complex relative dielectric constant 
approximate to 0. Since an imaginary part of a complex 
relative dielectric constant is proportional to a 
conductivity, a reflecting plate or the like formed of 
the above-described magnetic 'material' having dielectric 
characteristics in addition to magnetic characteristics^ 
and a reflecting plate or the like formed- of the above- 
described dielectric material in the present embodiment^ 
have . their conductivities approximate to 0 and are 
little conductive. 

Also, since the reflecting plate or the like 
formed of a magnetic material and the reflecting plate 
or the like formed of a dielectric material used in the 
present invention effectively reflect electromagnetic 
waves radiated from a radiation source, as well as 
reducing the effects of power absorptioft by the magnetic 
material and the dielectric material ' forming the 
reflecting plates or the like at thie time of irradiation 
of electric waves, thereby increasing the amount of 
electromagnetic waves contributing to communication as a 
result, an imaginary part may not be approximate to 0 
and in a case of a reflecting plate or the like formed 
of a magnetic- material, for example", a ratio of a real 
part to an imaginary part of a complex relative 



-permeability <- imaginary part/real, part) may be not 

more than O.5.. . f : : 

As described in the. foregoing, the present 
embodiment, employs a magnetic material, and a dielectric 
material for forming an outer packaging itself to 
.reflect electromagnetic waves radiated from a radiation 
source,, thereby making effective, use ^ of electromagnetic 
wave s which make.; a small contribution to communication 
in conventional art. As a result, the mount of 
electromagnetic.wav.es. contributing to communication is 
. increased, and radiation efficiency^ during a call is 
improved accordingly , to, improve communication 
performance. Although in the first to sixth embodiments, 
th e effects are attained by arranging the ; ref lecting 
plates within the outer packaging, when ensuring a space 
for arranging a reflecting plate is not easy as 
requirements on smaller-sised and thinner ^or^l. 
' telephones become more demanding, forming an outer 
packaging with a magnetic material and a dielectric 
material having the same' complex , relative permeability 
and complex relative dielectric constant as those of the 
reflecting^plates as.is done in the present embodiment 

produces the effects. . . ... . ,. 

In addition, although the portable telephone of 

' the present invention has' been described taking a 
portable telephone having an antenna structure in which 
„ antenna and a metallic cabinet have a length of 
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approximately A /4 as an' example, -with 'respect to the 
first to sixth embodiments illustrating' the cases where 
a reflecting plate formed of a magnetic material or a 
dielectric material i's : provided in the vicinity of a 
feeding point and in the vicinity of a lower end portion 
of a metallic cabinet, and the seventh embodiment 
illustrating the case . where: a -part of an outer packaging 
itself in the vicinity' or" a feeding point or in the 
vicinity of a lower end portion of a metallic cabinet is 
formed of a magnetic mater iai or a' dielectric material, 
the present invention is also applicable "to a portable 
telephone having "no such' antenna structure pin this 
case, a magnetic "field distribution and an- electric field 
distribution in^the vicinity of a radiation source may be 
evaluated' in advance' to form VVef lectihg plate or an ' 
outer packaging at a place wheVe ' a magnetic f ield is 
dominant by using a magnetic material and a reflecting 
. ■ -° r , *?. outer . Packaging at a' place where' an electric' 

l^l*- iS - ^ om . inant by "sing a dielectric material 1 . 

As described in the' foregoing, Since the portable 
telephone of the present invention enables " "■ 
electromagnetic waves radiated' from a radiation source 
to be reflected in the opposite direction to contribute 
t to communication by arranging a reflecting plate within 
the portable telephone, effective use of electromagnetic 
waves radiated is possible. In addition; since use of a 
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reflecting plate -which involves little power absorption 
at. the time, of irradiation of electric wayes.enables an 
increase in the amount of electromagnetic waves 
contributing to communication, radiation efficiency 
during a call is improved to enable improvement of , 
communication performance. 

- - Moreover, using.a reflecting plate. also as an 

outer packaging of the portable telephone , makes, it 
possible to increase the amount of electromagnetic waves 
contributing to communication even ■ in a portable 

telephone required to be of small-size, " and" thin, and 
"'to improve radiation efficiency' during a call,, .thereby 
realising improvement of communication, performance . 
' - Although 'the- invention has' been- illustrated and 
described with respect- to exemplary embodiments thereof , 
it should be understood by those skilled in the art that 
the foregoing and various other changes, omissions and 
additionsmay be made therein- and thereto, without 
'departing" from the scope- of the present ^ invention . 
Therefore," the present invent ion should not:: be" Understood 
as' limited : to' the specific embodiments set out- above, but 
to include all possible embodiments which ^can be embodied 
within a scope encompassed and equivalents thereof with 
respect to the features set out in the appended claims. 
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Each feature disclosed : in ' : thi%f -^specification (which 
term' includes "the claims)- and/or^shdwn in 'the .drawings 
may be incorporated in' the invention, independently of 
other disclosed and/or -illustrated features;.. r 
5 "' The text of the Abstract ; filed herewith is, repeated 

here as part of the specification..- 

• The portable. telephone includes -an antenna and a 
1 metallic cabinet operating as main .radiation sources of 
: -electromagnetic' waves, a fe.eding-, point for supplying said 
10 antenna and said metallic^qabinet with electrical power, ' 
an outer packaging formed of .a material such as plastics 
or resin , f . and a -reflecting .plate ,f. or reflecting the 
electromagnetic- waves- radiated 4 from .said radiation 
sources, 'The reflecting, plate , is provided for increasing 
15 the' amount of -the electromagnetic waves radiated into 
• ."--.free space when the portable telephone is in use, being 
/.select iyely -arranged at a position where an electric 
.field component or a. magnetic field component of the 
electromagnetic waves radiated from said radiation 
20 * sources.is dominant , ,and haying an electric constant 

. which enables effective reflection of said magnetic field 
component or said .electric^ field component, and causes 
little electric .power absorption. 
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CLAIMS : 



1. -.'A portable telephone including. an antenna and a 
metallic cabinet operating as main radiation sources of 
Tlectomagnetic waves, a feeding point for supplying said 
antenna, and said, ; metallic cabinet with electric power, 
and an outer radiating means for increas.ing the amount of 
electromagnetic waves radiated into free space when the 
portable telephone is .in use, .the outer radiating means 

^ .... . . ... 

being at a position where an electric field component or 
a magnetic field component of the. .electromagnetic waves 
radiated from said radiation sources is dominant, and 
having an electric constant which enables effective 
reflection of said magnetic field component or said 
electric field component. 

2. The portable telephone as set forth in claim 1, and 
also comprising outer packaging, wherein the outer 
radiating -means is a reflecting plate for reflecting the 
electromagnetic waves radiated from said radiation 
sources . 



3 



The portable telephone as set forth in claim 2, 
wherein : 

said. reflecting plate is contained in the outer 
packaging and provided in the vicinity of said radiation 
sources and on the side where a speech transmission unit 
and a speech reception unit are disposed. 



4. The portable telephone as set forth in claim 2, 

wherein: * ' * ' ' - 

said reflecting plate is a flat plate ;of a 
predetermined size and arranged in parallel to said 
metal lib cabinet surface. 



5 - The portable telephone as set forth ' in claim 2 , 

wherein* : 
said reflecting plate is; - 

contained in the outer packaging and provided in 
the vicinity of said radiation sources- and on the side 
where a speech transmission*' unit and a speech 1 reception 
unit are disposed, and 

a flat plate of a predetermined size and arranged 
in parallel to said metallic cabinet surface. 

6. The portable telephone as set forth in claim 2, 

wherein * ..... 

said reflecting plate is a flat plate : of a 
predetermined size and arranged aslant with respect to 
the metallic cabinet surface. 

7.. The portable telephone as set forth in claim 2, 
wherein: 

said reflecting plate is contained in' the outer 
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packaging .and .provided .in the vicinity, of said radiation 
sources and on the side where a speech transmission unit 
and a speech reception unit are disposed, and 

said, reflecting plate is a flat, plate of a 
predetermined, size and arranged aslant, with respect to 
the metallic cabinet surface. 

8 The portable telephone as set forth, in claim 2 , 

■wherein:.-. ■ p ';.-..<.••.• 

said reflecting plate is formed .to .be. convex 
having a . curvature . at , the side opposite to a direction 
in which, the electromagnetic waves are .incident^ and 
arranged to . have a substantial vertex, of the convexity 
face to the side of s aid._ radiation sources... . 

9 . The portable telephone as set forth in claim 2, 

wherein: 

said reflecting plate is contained, in. the outer 
. packaging and provided in the : vicinity of said radiation 
sources and, on the .side where, a speech, transmission unit 
and a .speech reception unit are. disposed, and. 

... said reflecting plate is formed , to be convex 
having a curvature at the side opposite to a direction 
in which the electromagnetic waves are incident and 
arranged to have a substantial vertex of the convexity 
, face to the side of, said radiation sources. 



10. The portable telephone -£s set forth: in claim 2, 
wherein; " : * • * ^ - ' ; « - 

said reflecting plate is -bent to be .V-shaped 
toward the side opposite to a direction in which the 
electromagnetic waves 'are incident. 

11. The portable telephone as set forth in claim 2, 
wherein: v ' r, • 

said reflecting plate is contained in the outer 
' packaging and provided in the vicinity of said radiation 
sources' and on the- side where a -speech transmission unit 
and a speech reception unit are- disposed, .and 

said reflecting plate is^ bent to be V-shaped 
toward the side opposite to* a direction in which the 
electromagnetic waves are incident. 

12. The portable telephone as set forth in claim 2, 
wherein: -L - " •*..> . v ;; 

said- reflecting £late -is formed of a magnetic 
"material having such a cdmple^x relative permeability as 
causes little ■ power. 1 absorption : of /the electromagnetic 
"waves radiated from said^radiation -sources • 



13. * The portable telephone as set forth in claim 2, 
wherein: '■ " ' . 

said reflecting plate is formed of a. dielectric 
material having such a complex. relative dielectric 
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constant as causes little power absorption of the 
electromagnetic waves radiated from said radiation 

sources «> 

14, .. The portable telephone as set forth in claim 2, 

• wherein*. • ' •- • ' ' :. :. >:- 

. ;r r !said reflecting , plate. is : provided in the plural^ 

including: 

a reflecting plate formed of a magnetic material 
having such-, complex relative, permeability as causes 
little power absorption of the electromagnetic waves 
radiated from said -radiation sources, ; and 

a reflecting .plate formed of a dielectric 
material having such- a complex relative dielectric 
constant as causes little. power absorption .of the 
electromagnetic, waves radiated from, said radiation 

sources „ 

15 . The portable telephone as set forth^ in claim 14, 

wherein^ ■■ - 5 . s .< v,--;;. ' ,;1 

a reflecting plate formed, of a magnetic material 
is disposed at a region where a magnetic field component 
■ of: the ' electromagnetic waves generated from said 
. radiation sources, is dominant, and a reflecting plate 
formed of a dielectric material is. disposed at a region 
where an electric field component of the electromagnetic 
, waves generated from said radiation sources is dominant. 



16. " The portable telephone as. set forth in-, claim 14, 
wherein - 

a reflecting plate formed of a magnetic material 
*is disposed' to cover the vicinity of said feeding point 
and a reflecting plate formed of a dielectric material 
"is disposed to- cover the vicinity of a- lower end portion 
of said metallic cabinet. 

17. The portable telephone as set, forth in, claim 2, 
* where irii r "" * ' « - : ; - ■ 

said reflecting plate is -a reflecting plate 
formed of *a magnetic material whose complex relative 
permeability at "a frequency used* in the portable 
telephone has a real- part "value larger than 1 and has an 
imaginary part value approximate to .0, . 

18. The portable telephone as set forth in claim 2, 
wherein;" - r J ... 

said reflecting plate is a reflecting plate 
formed of a' magnetic material whose. complex relative 
permeability at a frequency used in the portable 
telephone- has*' a real part value larger: than: 1 and has an 
imaginary part value approximate to 0 and .-which has no 
conductivity. \ -., £ . ■ . : 

19. The portable telephone as set forth in, claim 2, 
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wherein:- -■ ■ 

said reflecting plate is a reflecting plate .formed 
of a dielectric material whose complex relative 
dielectric constant at a frequency used in the portable 
telephone has a real part value larger than a value of a 
real part of a complex relative dielectric constant of 
said outer packaging, .and has an imaginary part value 
approximate - to 0. 

'20. The portable -telephone as set forth in. claim 1, and 
also comprising outer packaging, -wherein the outer 

.radiating- means is. a portion of the outer packaging 
comprising- a material having an electric .constant which 
enables effective reflection - : of said magnetic«f ield 
component or said electric field component. 

21. The portable telephone as set forth in-, claim 20, 
wherein:- •-■•.> 

in said outer packaging.,.. . :, i." 

a' part of: the- .surface? Q-f. the outer packaging, which 
.-. i s in -the: vicinity. ; of said-; . radiation, sources^ = and .at the 
side where a speech transmission unit and a speech 
reception -unit are disposed is provided with a region of 
a magnetic" material whose complex relative, permeability 
at : a frequency used in the portable telephone has a real 
part value larger than 1 and has an imaginary part value 
approximate to 0, and the remaining part is formed of a 
material such as plastics or resin. 



22. The portable telephone as set forth in .claim 20, 
■wherein: *•' 

: in said outer- packaging, . . . 
a* part of the surface of the outer packaging which 
is in -the vicinity of* said radiation sources and at the 
side where a speech transmission unit and -a ..speech 
reception unit are disposed 'is provided with a region of 
a dielectric material whose complex relative dielectric 
constant at a frequency used in the portable telephone 
has a"- real part' value larger - than .a-value of. a real part 
of arcbmplex relative dielectric constant of said 
material such as plastics -or. resin, and has an imaginary 
part T value -approximate: to oy and the remaining part is 
formed of a' material ' such".' as i Aplastics- or resin. 

23. The portable telephone as set forth in claim 20, 
'wlierein: : ' 

a magnetic field distribution and a electric field 
distribution in the vicinity of said radiation sources 
are' evaluated' in advance to : -form a part - of, said outer 
packaging - at- a region' where a magnetic field component is 
dominant by using a magnetic material , and a part. of said 
outer packaging at* a region where an electric field 
component is dominant by using a dielectric material, 
said outer packaging being' formed by using said magnetic 
material and -said dielectric material, and the remaining 
part being- formed by using 'such a material, as plastics or 
resin. 
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24. A portable telephone' substantially as herein 
described with reference to and as .shown in .Figures • 1 to 
14B of the accompanying drawings. 
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